To evaluate the quality of lymph node examination after esophagectomy for cancer in the United States based on current treatment guidelines (Ն15 nodes) and to assess the association of patient, tumor, and hospital factors with the adequacy of lymph node examination. Results: A total of 13 995 patients were identified from 639 hospitals. Overall, 4014 patients (28.7%) had at least 15 lymph nodes examined, which increased from 23.5% to 34.4% during the study period. At the hospital level, only 45 centers (7.0%) examined a median of at least 15 lymph nodes. In the most recent period (2005)(2006)(2007), at least 15 nodes were examined in 38.9% of patients at academic centers vs 28.0% at community hospitals and in 44.1% at high-volume centers vs 29.3% at low-volume centers. On multivariable analysis, hospital type, surgical volume status, and geographic location remained significant predictors of having at least 15 lymph nodes examined.
15 lymph nodes examined, which increased from 23.5% to 34.4% during the study period. At the hospital level, only 45 centers (7.0%) examined a median of at least 15 lymph nodes. In the most recent period (2005) (2006) (2007) , at least 15 nodes were examined in 38.9% of patients at academic centers vs 28.0% at community hospitals and in 44.1% at high-volume centers vs 29.3% at low-volume centers. On multivariable analysis, hospital type, surgical volume status, and geographic location remained significant predictors of having at least 15 lymph nodes examined.
Conclusions: Fewer than one-third of patients and fewer than 1 in 10 hospitals met the benchmark of examining at least 15 lymph nodes. Hospitals should perform internal process improvement activities to improve guideline adherence.
Arch Surg. 2012; 147(6) : [505] [506] [507] [508] [509] [510] [511] . Published online February 20, 2012 February 20, . doi:10.1001 February 20, /archsurg.2011 February 20, .2215 E SOPHAGEAL MALIGNANT NEOplasms continue to pose substantial diagnostic and therapeutic challenges with a generally poor prognosis. In 2010, 16 640 new cases and 14 500 deaths occurred secondary to this disease. 1 One of the most important predictors of survival for patients undergoing esophagectomy for cancer is the presence of lymph node metastasis. 2, 3 Reflecting the prognostic implications of lymph node involvement, the current edition of the American Joint Committee on Cancer staging guidelines now separates the number of nodal metastasis into 4 distinct groups (N0-N3). [4] [5] [6] The number of lymph nodes examined during surgical resection therefore considerably affects staging accuracy. 7 Staging is clearly an important prognostic factor for patients and physicians, treatment decisions, and stratification in clinical trials. In addition, evidence suggests that the extent of lymphadenectomy could be a surrogate of other unmeasured factors such as surgical technique, more thorough pathologic examination, or both. 8 As such, the importance of adequate lymphadenectomy is now appreciated as a performance indicator across many gastrointestinalmalignantneoplasms.TheNational Comprehensive Cancer Network currently specifies that at least 15 lymph nodes should beexaminedafteresophagectomy. 9 However, despite the current evidence, little is known regardingthequalityoflymphnodesampling in the United States. Therefore, our objectives were to examine the adequacy of lymph node examination after esophagectomy for cancer in a national cohort of patients and to assess the association of patient, tumor, and hospital factors with the adequacy of lymph node examination.
METHODS

DATA SOURCE
Data were obtained from the National Cancer Data Base (NCDB), a joint program of the American College of Surgeons Commission on Cancer and the American Cancer Society. The NCDB is the largest cancer registry in the world, capturing more than 70% of all newly diagnosed malignant neoplasms in the United States from approximately 1500 hospitals. All American College of Surgeons Commission on Cancer-accredited hospitals are required to meet specific standards of care in the management of patients with cancer. Data are abstracted by trained cancer registrars who are audited every 3 years to ensure data reliability. 10 This study was performed using the esophagogastric Participant Use Data File, a deidentified data set released by the American College of Surgeons Commission on Cancer to participating cancer programs.
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PATIENT SELECTION AND EXCLUSION CRITERIA
From the NCDB, 38 741 patients who underwent a major surgical resection for esophageal or gastroesophageal junction cancer diagnosed from 1998 to 2007 using International Classification of Disease for Oncology second and third revision codes (C15.1, C15.2, C15.4, C15.5, C15.8, C15.9, C16.0) were identified. 12 Patients were excluded from the analysis if they had cervical esophagus lesions (n = 741) or stage IV disease (n = 9185), if they were not treated at the reporting facility (n=5045), or if insufficient data were available on the number of examined lymph nodes after resection (n = 832). In addition, because neoadjuvant therapy is known to reduce lymph node counts and because the number of nodes that should be evaluated in these patients is not established, patients receiving neoadjuvant therapy were excluded from the analysis (n=3372). Patients with International Classification of Disease for Oncology second and third revision code C16.0 who underwent gastrectomy alone without esophagectomy were also excluded from the study (n=3581). Three periods were created to evaluate lymph node examination time trends; hospitals were excluded if they did not report at least 1 esophagectomy during each period, thus further reducing the study population (n=2086). The final study cohort included 13 995 patients.
NUMBER OF LYMPH NODES EXAMINED
The primary purpose of this study was to examine nodal evaluation by quantifying the total number of lymph nodes examined after esophagectomy. Because National Comprehensive Cancer Network guidelines, based on systematic review of the literature and consensus recommendations by experts, recommend that at least 15 lymph nodes be examined after esophagectomy for cancer, this cut point was used to define an adequate lymphadenectomy. To evaluate lymph node examination performance, we analyzed both the proportion of patients with at least 15 lymph nodes removed and median lymph node counts after surgical resection. Analysis was performed at both the patient level (patient as the unit of analysis) and the hospital level (hospital as the unit of analysis); however, owing to small sample sizes at the hospital level, hospitals were compared based on median lymph node counts.
HOSPITAL TYPE AND SURGICAL VOLUME CLASSIFICATION
Facilities in the NCDB Participant Use Data File are classified on the basis of the American College of Surgeons Commission on Cancer accreditation program as academic/research centers (includes all National Cancer Institute-designated cancer centers) and community centers based on a variety of structural and service-related factors. 10 Academic centers are hospitals that must be affiliated with a teaching and research institution, meet annual case volume requirements, provide a wide range of services such as access to specialists and cancerspecific diagnostic-and treatment-related services, and per- form a number of specified quality improvement activities such as multidisciplinary tumor boards and clinical trial participation. Community cancer centers also provide a broad range of diagnostic and treatment needs but have lower overall annual cancer volumes (Ͻ650 cancer cases/y) and may not be equipped to perform certain diagnostic tests and treatments. 10 Hospitals were further divided into average annual surgical volume quartiles by ranking all hospitals based on increasing median surgical case volumes and then creating 4 separate volume categories containing roughly equal numbers of patients in each group. The middle quartiles were then combined, leaving 3 surgical volume groups for analysis: 12 or more cases/y, 3 to 11 cases/y, and fewer than 3 cases/y. (Figure 1) . The proportion of patients with at least 15 lymph nodes examined increased from 23.5% (median,
PATIENT-AND TUMOR-SPECIFIC VARIABLES
8 patients) in 1998 to 2001 to 34.4% (median, 12 patients) in 2005 to 2007 (test for trend, P Ͻ .001). In addition, at the hospital level, 45 centers (7.0%) examined a median of at least 15 lymph nodes.
HOSPITAL TYPE
Of the 13 995 patients studied, 7646 (54.6%) were treated at academic centers (n=206 centers) and 6349 (45.4%) at community centers (n = 433 centers). The proportion of patients treated at academic centers increased from 50.9% in 1998 to 2001 to 58.4% in 2005 to 2007 (test for trend, P Ͻ .001). Among academic centers, the number of patients with at least 15 lymph nodes examined increased by an absolute percentage of 11.5% during the study period (test for trend, P Ͻ .001), while community centers demonstrated a slightly smaller increase at 9.7% (test for trend, PϽ .001). From 1998 to 2007, the median number of nodes examined increased from 9 to 12 at academic centers and from 8 to 10 at community centers ( Table 2 ). In the most recent period (2005-2007), 38.9% of patients at academic centers and 28.0% of patients at community centers had at least 15 nodes examined (Figure 2) . At the hospital level, the number of hospitals examining a median of at least 15 lymph nodes was 18 (8.7%) at academic hospitals and 27 (6.2%) at community hospitals ( Table 3) .
SURGICAL VOLUME STATUS
Of the 3 average annual surgical volume groups, 2935 patients were treated at low-volume centers (n=315 centers), 7151 at intermediate-volume centers (n=282 centers), and 3909 at high-volume centers (n=42 centers). Among the 206 academic centers, 56 (27.2%) were low volume, 111 (53.9%) were intermediate volume, and 39 (18.9%) were high volume. In contrast, of the 433 community centers, 259 (59.8%) were low volume and 171 (39.5%) were intermediate volume, while only 3 (0.7%) were high-volume hospitals.
During the study period, the proportion of patients with at least 15 lymph nodes examined increased by an absolute percentage of 9.6%, 9.2%, and 13 (Figure 2 ). The median number of lymph nodes examined increased across all study periods and surgical volume groups (all PϽ.001). From 2005 to 2007, high-volume centers examined the most lymph nodes (median, 13 lymph nodes) ( Table 2) . At the hospital level, the number of hospitals examining a median of at least 15 lymph nodes was 7 (16.7%) at high-volume centers, 15 (5.3%) at intermediate-volume centers, and 23 (7.3%) at low-volume centers (Table 3) .
MULTIVARIABLE ANALYSIS
Patients were more likely to have at least 15 lymph nodes examined if treated at academic or high-volume centers or if they had stage II or III tumors. Patients were less likely to have at least 15 lymph nodes examined if they were treated in the South or Midwest, had more severe comorbidities, or had tumors located in the lower esophagus ( Table 4 ). There was no significant association in the number of lymph nodes examined by patient age, sex, race/ethnicity, histologic subtype, or tumor grade.
COMMENT
This study sought to evaluate the variation in the adequacy of lymph node examination after esophagectomy for cancer in a national cohort of patients. We found that overall only 28.7% of patients had an adequate lymphadenectomy, which was only marginally improved in the most recent period (2005-2007) at 34.4%. In addition, at the hospital level, only 45 of the 639 centers (7.0%) examined a median of at least 15 lymph nodes. The likelihood of achieving this 15-lymph node threshold was significantly increased if treatment occurred at academic hospitals and high-volume centers. To our knowledge, this is the first study reporting the adequacy of lymph node examination after esophagectomy for cancer on a national scale.
IMPORTANCE OF LYMPH NODE EXAMINATION
The number of lymph nodes removed after oncologic surgery is important for staging accuracy and defining surgical and pathologic quality. 8, 18, 19 Because the presence of cancer in lymph nodes remains an important prognostic factor and the basis for treatment decisions in patients with nonmetastatic malignant neoplasms, there has been a significant effort to define minimum lymph node sampling thresholds across many gastrointestinal cancers. 18, [20] [21] [22] [23] For example, in colon cancer, a 12-lymph node cut point was endorsed by the National Quality Forum in 2007. 24 In esophageal cancer, several reports in the past decade have also attempted to establish an optimal lymph node cut point. Results from these studies are variable and suggest lymph node cut points ranging from 10 to 40, possibly as a result of differing methods, patient selection, or both. 7, [25] [26] [27] [28] [29] [30] [31] [32] Nevertheless, these reports all demonstrated a survival benefit with increasing nodal sampling in a variety of patient populations and cancer stages, likely owing to stage migration and possibly a therapeutic effect. Based on the literature and expert consensus opinion, the National Comprehensive Cancer Network suggests that at least 15 lymph nodes should be examined after esophagectomy for cancer, so this was chosen as the cut point in this study.
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HOSPITAL FACTORS
The association of hospital type and surgical volume status on the adequacy of lymph node sampling was examined in this study on both a patient level and a hospital level. Our findings suggest that although there has been some improvement over time, the quality of lymph node examination based on a 15-lymph node threshold was marginal overall but more frequently achieved at academic and high-volume centers. In the most recent period (2005) (2006) (2007) at the patient level, academic centers examined at least 15 lymph nodes approximately 34% more often than community centers, and high-volume centers examined at least 15 lymph nodes 59% more frequently than low-volume centers. At the hospital level, only 45 of the 639 centers examined a median of at least 15 lymph nodes, which was slightly more frequent at academic centers than community centers (8.7% vs 6.2%, respectively). In multivariable analysis, academic hospitals were 34% more likely and high-volume hospitals were 59% more likely to examine at least 15 lymph nodes compared with community and low-volume centers, respectively.
Although there are no comparative reports in esophageal cancer, these findings are consistent with reports for other gastrointestinal malignant neoplasms. For example, using data from the NCDB, Bilimoria et al 33 demonstrated that only 23.2% of patients with gastric cancer and 16.4% of patients with pancreatic cancer underwent adequate lymphadenectomy. In gastric cancer, community hospitals were more than 70% less likely and low-volume centers were nearly 60% less likely to examine at least 15 lymph nodes. Similarly, in pancreatic cancer, community hospitals were more than 60% less likely and low-volume centers were more than 50% less likely to examine at least 15 lymph nodes.
PATIENT-AND TUMOR-RELATED FACTORS
We also examined the association between hospital geography and lymph node examination and found wide variation by hospital region. On the patient level during the most recent period (2005) (2006) (2007) , patients treated in the Northeast were more likely to have at least 15 lymph nodes examined compared with other regions, especially the South, which examined at least 15 nodes nearly 20% less often. After controlling for confounding factors, compared with the Northeast, the South and Midwest were both 32% less likely to examine 15 nodes. In 2 separate studies in patients with colorectal and gastric cancer, data from the Surveillance Epidemiology and End Results database demonstrated substantial regional variations in lymph node sampling rates (colon, 33%-53%; gastric, 30%-56%). 34, 35 We did not find that patient age, sex, race/ethnicity, histologic subtype, tumor grade, or tumor location was significantly associated with the number of lymph nodes examined during the most recent period (2005) (2006) (2007) . In gastric cancer, Bilimoria et al 33 found that younger, female, or Asian patients were more likely to have at least 15 lymph nodes examined. These findings are consistent with a study by Baxter and Tuttle, 34 who also found that being female, being Asian, and being younger than 65 years increased the likelihood of adequate lymph node examination in gastric cancer. In contrast, among patients undergoing pancreaticoduodenectomy for pancreatic adenocarcinoma, Bilimoria and colleagues did not find that tumor-or patient-related factors were associated with the extent of lymphadenectomy. The reason for this variation across cancer and procedure types is not clear; however, it may reflect known differences in case mix or may be a result of other unmeasured confounding factors, such as obesity, not accounted for in these studies.
LIMITATIONS
This study should be considered with respect to certain limitations. First, specific operative details were not known, such as operative approach (ie, transhiatal or transthoracic) or the location of the removed lymph nodes. Although these factors have definite implications on nodal harvest, we believe that a cut point of 15 lymph nodes represents a valid and achievable quality threshold regardless of such operative details. Second, this report used retrospective data from a large multi-institutional database; therefore, coding inconsistencies or errors could have affected the results. However, any systematic bias is unlikely as cancer registrars use standard definitions and are routinely audited to ensure data reliability. Third, it has been argued that the number of lymph nodes sampled during cancer surgery should not be considered a quality metric. 36 Although not perfect, clearly cancer treatment decisions and prognostic information hinge on accurate staging, and at least a minimum number of lymph nodes should be examined to establish such information. Assessment of the adequacy of nodal counts should be used as part of wider hospital-level internal quality improvement efforts.
CONCLUSIONS
In this study of 13 995 patients who underwent esophagectomy for cancer, only 28.7% of patients had at least 15 nodes examined and only 7.0% of hospitals are meeting the National Comprehensive Cancer Network's 15-lymph node recommendation. There is opportunity for improvement in lymph node staging at most hospitals in the United States regardless of hospital type, volume status, or geographic location.
